Selective coronary angiograms were made in dogs with intact chests prior to and following various groups of drugs. They demonstrated visible constriction and dilatation of the coronary vessels and the appearance of previously invisible channels following coronary vasodilators and embolization with lyeopodiuin spores. R OEXTGENOLOGIC visualization of the coronary blood vessels of a living, beating heart has been much less successful than elsewhere in the body, largely because there has been no practicable means for injecting the coronary arteries directly without first exposing them through a thoracotomy procedure. To permit intracoronary injections without opening the chest a number of investigators have resorted to indirect filling of the coronary arteries in animals by retrograde injections through catheters introduced into the ascending aorta via the common carotid or femoral artery.
R OEXTGENOLOGIC visualization of the coronary blood vessels of a living, beating heart has been much less successful than elsewhere in the body, largely because there has been no practicable means for injecting the coronary arteries directly without first exposing them through a thoracotomy procedure. To permit intracoronary injections without opening the chest a number of investigators have resorted to indirect filling of the coronary arteries in animals by retrograde injections through catheters introduced into the ascending aorta via the common carotid or femoral artery.
2 " 8 ' 10 n In man similar attempts have been made by a trans-sternal needle puncture of the aorta or by retrograde catheter injection. 6 ' 9 ' 12~u: Incidental filling of the coronaries has been reported in man, but this seems to occur in less than 1 per cent of otherwise successful angiocardiograms. 17 The difficulties with such procedures are the necessity for very rapid injection of large amounts of material and the lack of selectivity because of the widespread distribution of the agent.
Our procedure for eatheterizing the coronary arteries of the intact dog is offers a means for circumventing these difficulties and for making it possible to utilize selective angiography for studying local constriction and dilatation of the coronary vessels. In this report we present visible evidence of such changes (constriction and dilatation) as manifested in the contours of the coronary vascular bed in the beating hearts of dogs with intact chests.
METHODS
The experiments were performed on 26 normal adult mongrel dogs weighing 15 to 30 Kg., lightly anesthetized with a combination of equal parts of pentobarbital-sodium veterinary solution (60 ing./ nil.) and Dial-Urethane solution (100 and 400 nig./ml. respectively,* given intravenously on the basis of 0.25 ml./Kg. of the mixture after a previous intramuscular injection of morphine (3 rag./ l\g.). The major branches of the coronary arteries (right, left anterior descending, left circumflex) were catheterized under fluoroscopic guidance via a. carotid artery with a special coronary artery cathetert already described 18 or with a similar one with a larger diameter (O.D., 1.8 mm.; I.D., 1.4 mm.) to insure a rapid delivery of the contrast substance when the volume exceeded 2 ml. Systemic blood pressure (via a femoral artery) and the pressure employed to inject the radio-opaque material into the coronarv circulation were meas-527 'Generously supplied by the Cil)a Pharmaceutical Products, Inc., Summit, X. J.
tAlthough there is undoubtedly some degree of impediment to coronary flow following insertion of these catheters in the various coronary arterial branches, such insertion led to no discernible changes in blood pressure or pulse rate, or in electrocardiograms recorded directly from the area of the heart supplied by the vessel(s) involved. Outflow from the coronary sinus also was not measurably altered by insertion of the original catheter described; no measurements have been made with the larger catheter. 
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WEST. GUZMAN ured by Statham transducer manometers and were recorded by a direct-writing Sanborn Polyviso recorder. The electrocardiogram was continuously monitored in the same recorder, using conventional preeordial and limb leads. The effects of various groups of drugs (sympathomimetic, pnrasympathoiniinetic, ganglionic stimulating, musculotropic), as well as of anoxia, hyperoxia, hypercapnia and embolizing agents, were studied on the coronary vascular bed by means of roentgenograms made after injection of a fixed amount of radioopaque material under constant pressure before and immediately after a known amount of drug. The volume of material and pressure of injection were adjusted in each ease so as to outline the entire vascular bed without appearing in the ventricle in sufficient concentration to obscure the view of the bed. Various volumes (1.0 to 50.0 ml.) of contrast medium and different perfusion pressures (100 to 2,000 mm. Hg) were investigated. The appropriate volumes and pressures were found to be between 2.0 and 10.0 ml. and 1,000 and 2,000 mm. Hg respectively. In most of the experiments a pressure of approximately 1,500 nun. Hg was employed to inject 5 ml. of dye within 2 to 3 sec. This volume of contrast substance delivered at this pressure was not completely accommodated by the coronary vascular bed and some of it escaped backward into the ascending aorta), an event which aids materially in detecting vasoconstriction or vasodilatation in the coronary bed. The angiograms were taken during both systole and diastole, but in all cases the control and post-drug angiograms were compared during the same cardiac cycle. Single and serial roentgenograms as well as cinematograms were made. Serial roentgenograms were taken at 2 frames/sec, while cinematograms were made at 15 and 30 frames/ sec. The results were essentially the same regardless of the angiographic technics employed.
Sodium and methylglucamine diatrizoates (76 and 90 per cent) and methylglucamine diatrizoate (85 per cent) 0 were the contrast media used in this study because of their low cardiotoxic actions.T Every dog received 5 to 25 injections, each consisting of 2 to 10 ml. ' Generously supplied by the Squibb Institute for Medical Research, New Brunswick, X. J., through Mr. Herbert M. Neiman, Clinical Research Associate.
•fWe have found that coronary arterial injections of 2 to 5 ml. of these contrast substances in dogs produce mild cardiotoxic actions, evident in a temporary but slight decrease in blood pressure and myocardial contraction (recorded by a Walton strain gage) and a nonspecific inversion of the T-wave in the electrocardiograms. At the same time coronary sinus venous outflow increased moderately (10 to 30 per cent).
The drugs investigated in this study were largely those whose coronary vasodilator or constrictor properties were already well established. They included sympathomimetic amines (isoproterenol, levarterenol, epinephrine, methoxamine), parasympathomimetics (acetylcholine, methacholine), a ganglionic stimulant (nicotine), inusculotropie agents (aininophylline, nitroglycerin, amyl nitrite, papaverine, sodium cyanide, vasopressin, synthetic oxytoein) and embolizing agents (lycopodium, room air). They were all given via the coronary arteries except aniyl nitrite, which was inhaled. The effects of inhalation of 100 per cent and 5 per cent oxygen and of 15 per cent carbon dioxide in 21 per cent oxygen also were studied. Injections of drugs into all three coronary branches produced similar changes in the corresponding vessels, but injections into the right and circumflex branches elicited changes in rhythm and blood pressure when the dose was sufficiently large to stimulate the S-A or A-V node respectively. However injections into the left anterior descending branch produced no changes in heart rate and essentially no change in blood pressure because the drugs then did not reach either of the two rhythmic centers. 18 At various intervals in the experiments the drug effects were compared with control injections of the contrast medium. Such injections indicated no change in the appearance of the vessels. In other experiments a small rise in blood pressure was produced by partially occluding the descending aorta with an inflated balloon, to test the effects of: small increases in blood presure on the coronary vessels. Angiograms taken before and after this procedure showed no change. Unless otherwise stated, the observations were made during spontaneous breathing of room air.
RESULTS
In most experiments injections were made into the anterior descending branch of the left coronary artery. All results described below were so obtained except those with amyl nitrite, papaverine and sodium cyanide ( fig.  3 ). This procedure was adopted because it obviates access of the drug to either the S-A node (supplied by the right coronary and a branch from the left anterior descending) or the A-V node (supplied by the left circumflex branch) and therefore does not lead to changes in cardiac rhythm.
1S
Sympathomimetic Amines. Isoproterenol (0.04 tig./Kg.), levarterenol (0.04 fxg./Kg.), epinephrine (0.04 ^.g./Kg.) and methoxamine (1-400 fx.g./Kg.) all produced coronary dilai'lG. J. Effects of isoprotereuol, epinephrine and acetylcholine on tlie coronary arteries. Catheter in the first portion of the left anterior descending branch (left lateral view). The volume of contrast medium (5 ml.) and the dose of the drugs (0.04 /ig./Kg.) injected were the same in all cases. These pictures were obtained in 2 dogs. The control and response angiograms were taken 5 mill, apart in the same animal, and the second angiogram was made immediately after the drug. A, control angiogram before isoproterenol; B, immediately after the drug. Control systemic blood pressure and heart rate were 150/85 and 11(1 respectively. Response systemic blood pressure and heart rate were 105/85 and 98 respectively. C, control (B.P., 190/110; H.R., 75) before epinephrine; 1), immediately after the injection. (B.P., 195/107; H.R., 84). E, control (B.P., 177/115; H.R., 84) before acetylcholine; F, response angiogram (B.P., 170/117; H.R., 84). Note that coronary dilatation occurs following the injection of all these drugs, as evidenced by the increase in size and number of visible coronary vessels. 029
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WEST, GUZMAN tation except methoxamine, which had no visible effect on the coronary angiogram. The appearance of the coronary bed before and after isoproterenol and epinephrine is illustrated in figure 1 . There is an increase in the size of the large vessels and an increase in the number of small vessels as compared with the control pattern. In the doses employed these sympathomimetic amines produced no change in heart rate and only a slight increase (less than 20 mm. Hg) in systolic and mean arterial blood pressure except when methoxamine was given in doses large enough (> 50 /^g./Kg.) to produce systemic effects from recirculation. Even in the latter case the angiogram taken before recirculation showed no changes. Parasympathomimetics. Acetylcholine (0.04-0.08 A g./Kg.) and methacholine (0.04 /xg./Kg.) dilated the coronary vessels. In figure 1 this marked dilatation is illustrated bj r the increase in size of the vessels previously visible, the appearance of smaller vessels where none were seen before the drug, and a lighter appearance (haze) of the heart due to an increase in the amount of contrast substance in the myocardium. Fiirther evidence of coronary vasodilatation is the finding that following acetylcholine all of the radio-opaque medium was accommodated by the coronary bed, whereas in the control a part of the contrast substance was seen to reflux into the aorta, since the bed was smaller and was unable to accent all of the radio-opaque material. These doses did not produce bradycardia or hypotension because of the site of injection and size of the dose.
A Ganglionic Stimulating Agent. The effect of nicotine (0.4 ju.g./Kg.) on the coronary vascular bed is illustrated in figure 2 . The control picture {2A) demonstrates a large reflux of the radio-opaque material along the shaft of the catheter into the aorta. Following nicotine there was an increase in the size and number of visible coronary vessels and no reflux of the contrast medium into the aorta was seen ( fig. 2B) fig. 2 and 3) . Vasopressin (0.008 unit/Kg.) produced severe constriction of the large and small coronary vessels ( fig. 4 ), while syntocinon (0.04-0.2 unit/Kg.), the synthetic oxytocic principle (free of vasopressin) of the posterior lobe of the pituitary gland had no effect. Changes in blood pressure and heart rate occurred more frequently with amyl nitrite and vasopressin. Both produced a decrease in blood pressure, accompanied by a slight increase in heart rate with the former and a slight decrease with the latter.
Gases. Low oxygen (5 per cent) and high carbon dioxide (15 per cent CO2 in 21 per cent O2) in the inspired air produced coronary dilatation ( fig. 5 ). These changes occurred within the first 30 sec. of the inhalation of the gases. High oxygen content (100 per cent) in the inspired air produced a mild constriction of the coronary vessels. This is more evident in the small vessels than in the large ones ( fig. 5E and F) . Slight changes in blood pressure and heart rate occurred with low oxygen (5 per cent) and high carbon dioxide (15 per cent).
Embolizing Agents. One per cent lycopodium spore suspension (0.1 to 0.4 ml.) and room air (0.2 to 1 ml.) produced an immediate mechanical block of the coronary vessels which was followed by coronary dilatation with the former agent within 1 min. after injection.
DISCUSSION
These experiments add another parameter to studies of the action of drugs on the coronaries by making it feasible to use selective coronary angiography to demonstrate changes in the diameter of the coronary vessels. The doses and sites of injection were intentionally selected to obviate changes in heart rate or blood pressure, therefore in cardiac work. Under such circumstances drugs known from other studies to be capable of increasing coro-PIG. 2. Effects of coronary arterial injections of nicotine, nitroglyeerin and aminopiiyfline. Catheter in the first part of the left anterior descending branch (left lateral view). The volume of radio-opaque material (5 ml.) was the same in all cases. The pictures were obtained from 2 dogs, with the control and response angiograms taken in the same dog 5 min. apart. A, control (B.P., 170/100; H.R., 75;; B (B.P., 170/100; H.R., 75; after nicotine (0.4 lig./Kg.).
C, control (B.P., 175/325; H.R., 75), D, (B.P., 165/115; H.R., 78) after nitroglycerin (5 /ig./Kg.). E, control (B.P., 175/105; H.E., 70), F (B.P., 175/100; H.E., 70; after aminophylline (3 Mg./Kg.). In the control pictures (A, C, E) note the small size and number of vessels and considerable reflux of the contrast medium along the shaft of the catheter into the ascending aorta. After the drugs the .size and number of visible vessels increased and only a minimal amount of the radio-opaque material is visible in the aorta. 531   FIG. 3 . Coronary dilatation by amyl nitrite, ]>ai>nverine anil sodium cyanide. Catheter in the first iiortion of the left circumflex branch. The volume of contrast substance (5 ml.) was the same in all eases. All records were obtained in the same dog. A, control (B.P., 175/100; H.E., 82); B, within 15 see. after beginning the inhalation of amyl nitrite (5 minims capsule) (B.P., 170/95; H.R., 90). C, control (B.P., 1S5/115; H.R., 65); 1) (B.P., ISS/lOo; H.R., 68) immediately after papaverine (O.S /ig./Kg.). E, control (B.P., 160/120; H.R., 105); F (B.P., 155/120; H.E., 100) immediately after sodium cyanide (1.5 jig./Kg.). In all cases note the increase in size and number of vessels risible after the drugs. nary blood flow produced obvious enlargement of the major injected vessels and also led to the appearance of smaller channels not previously visible. At the same time there was less backing up of injected material into the aorta, indicating decreased coronary vascular resistance. The effects of coronary vasoconstrictors (vasopressin and 100 per cent oxygen) were exactly opposite to thesp.
We realize that this is essentially a morphologic technic and that physiologic deductions from it must be made with caution. Like other workers in this field, we have come to realize the need for a dependable means for comparing the effects of different agents, old and new, on the tonus of the coronary vessels without the extensive and time-consuming studies which now seem cases (A, B, C, D) . E, control (B.P., 385/105; H.R., 80), F was taken during the inhalation of 100 per cent oxygen for 5 min. (B.P., 183/100; H.E., 75). The volume of radio-opaque medium injected was 2 ml. in each case (E.,F.). Low oxygen and carbon dioxide both dilated the coronary vessels while high oxygen (100 per cent) produced a mild constriction of the bed. 534 necessary. 19 ' 20 These results with coronary angiography are in all essential respects parallel to those obtained by direct measurements of coronarj' blood flow and vascular resistance under the influence of the same procedures.
"
22 This means to justify some optimism over the use of coronary angiography as a short-cut screening procedure for the detection and preliminarj' evaluation of coronary vasoconstrictor or vasodilator properties in an agent not previously investigated. Unfortunately, the contrast medium itself is not entirely inert. All of the agents we have tried, including sodium diatrizoate, sodium acetrizoate, iodopyracet, sodium and methyl glucamine diatrizoates, have cardiotoxic and coronary vasodilator properties, which were mild but still present in the ones which we selected for our studies. Weak coronary vasodilator actions therefore probably would not be revealed by this method.
Nevertheless, the demonstration of newly opened (or closed) channels associated with coronary A'asodilator (or vasoconstrictor) drugs appears to be noteworthy, as is also the the dilatation of the coronaries following embolization with lycopodium. The latter effect has also been demonstrated 23 by measuring coronary blood flow and arteriovenous oxj'gen difference. The significance of these and other findings to dissociate the effects of changes in vasomotor activity, myocardial contraction and metabolism remains to be determined. Attempts to evaluate these mechanisms in order to separate the primary (direct) effect of the drug on the coronary vessels apart from the secondary (indirect) effects have been made by various investigators. 20 " 25 For the most part these actions appear to be experimentally inseparable and only the net effect can be observed. Nevertheless, at present it is at least clear that the tonus of the coronary vessels can be shown by direct angiography to be susceptible to increase and decrease by means of drugs.
SUMMARY
The influences of various types of drugs sympathomimetic, parasympathomimetic, ganglionic stimulating and muselotropic). as well as those of different gases and embolizing agents, were studied on the coronary vascular bed by employing the combined technics of selective coronary artery catheterization and contrast-roentgenology. A comparison was made of the size and number of vessels demonstrated by a known amount of radio-opaque medium given before and immediately after a known amount of drug. The angiograms obtained demonstrate visible constriction and dilatation of the coronary vessels.
SuMMARIO IN INTERLINGUA
Le infiuentias de varie typos de drogass y m p a t h o m i m e t i c, parasympathomimetic, ganglio-stimulatori, e musculotropic-e etiam le influentias de varie gases e agentes embolisante super le vasculatura coronari esseva studiate per medio de un combination del del teehnicas de selective catheterismo de arteria coronari e de roentgenologia a contrasto. Esseva comparate le dimensiones ele numeros de vasos demonstrabile per un fixe quantitate de substantia radio-opac administrate (1) ante e (2) immediatemente post le administration de un fixe quantitate de droga. lie angiogrammas obtenite demonstra visibile grados de constriction e de dilatation del vasos conorari.
